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CXXVI1.-The Mechanism of the Oxidation of Drying 
Oils as Elucidated by a Study of the True  Oxygen 
Absorption. Part I .  Linseed Oil and i ts  Patty 
Acids. 
By SAMUEL COFFEY. 
IT has been known for centuries that linseed oil on exposure to air, 
especially in thin films, gradually alters and finally “sets” to a 
tough elastic product, which is now known as linoxyn. 
During this process of “drying,” which is due to atmospheric 
oxidation, the oil increases in weight, and it has been found by 
many investigators that the maximum increase in weight varies 
considerably, from 13 to 25 per cent., 18 per cent. being the value 
usually obtained. Further experiments have been made to obtain 
the oxidation curve for linseed oil by weighing a glass plate on 
which is spread a thin film of the oil (0.15 gram per 100 sq. cm.), 
allowing the oil to oxidise and weighing at  intervals of, say, ten 
hours. The results of such experiments show that at  f is t  there 
is a period of induction, during which there is very little oxidation ; 
then follows a relatively rapid increase in weight, .which rises to 
a maximum, after which there is a slow decrease in weight. This 
maximum percentage increase in weight is called the oxygen value, 
but for reasons to be given it should be called the apparent oxygen 
value. The real oxygen absorption is considerably greater than 
the maximum increase in weight because, while oxygen is being 
absorbed, volatile decomposition products are being evolved. 
Hence the apparent oxygen value is simply the point where the 
rate of loss of volatile matter is equal to the rate of oxygen absorp- 
tion. As has been shown recently, this value is dependent on the 
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temperature at  which the oxidation takes place. Although Mulder 
(“ Die Chemie der austrockenden Oele,” Berlin, 1867) directed 
attention to this and examined the volatile products more than 
half a century ago, this important fact has been repeatedly over- 
looked by more recent investigators. Borries (“ Dissert., Leipzig 
Lab. f. angew. Chem.,” 1903) obtained true oxygen values, but 
apparently the only true oxygen absorption curves are those of 
Friend (Proc. Paint Varnish Soc., May, 1914), who estimated the 
volatile products of oxidation. Friend’s experiments, however, 
were carried out a t  the ordinary temperature and seventy days 
were required to complete one estimation ; even then, apparently, 
oxidation was not complete. His curves (see “ The Chemistry of 
Linseed Oil,” J. N. Friend, 1917, p. 49) showed the marked difference 
between the apparent and true oxygen absorptions, but they only 
indicated the general shape of the curves. 
Apart from the results of Friend, there is scarcely any evidence 
as to the mechanism of the oxidation, as the curves give only the 
combined results of two processes, the oxidation and the loss of 
volatile products, Further, as the oxidation is so slow a t  the 
ordinary temperature, most of the work has been done in the 
presence of “ driers,” which were assumed to be catalysts; as will 
be shown in a subsequent contribution to this subjebt, such results 
are not comparable with those obtained with oil alone. The 
volatile products have received much attention during recent 
years, and the following conclusions are fairly well established. 
Mulder (loc. cit.) found that water, carbon dioxide, and acetic acid 
constituted the main products, along with small quantities of 
formic and acrylic acids. Traces of butyric acid have been detected 
by Sacc (Annalen, 1844, 51, 213) and Gardner (Oil and Colour 
Trades Journ., 1914,45, XOOO), whilst acraldehyde has been detected 
in traces by Salway (T., 1916,109, 138) in the earlier stages of the 
reaction, and carbon monoxide by King ( J .  Ind. Eng. Chem., 
1915, 7 ,  502). No quantitative data, however, appear to exist as 
to  the proportions of the main volatile products. 
The constitution of linoxyn, based as it is on the work done on 
the apparent oxygen absorption, and on the supposition that 
driers act as catalysts, is in some degree conjecture, and the views 
of Fahrion (Zeitsch. angew. Chem., 1910, 23, 722), and bf Orloff 
( J .  Russ. Phys. Chem. Soc., 1910, 42, 658), although highly sugges- 
tive, need not therefore be discussed in detail. 
The aim of this research was to obtain true oxygen absorptions 
and true oxidation curves, and to find the connexion between 
these and the volatile products and so to form some idea of the 
constitution of linoxyn. 
R R* 2 
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The oil used wag guaranteed to be pure, unadulterated, raw 
linseed oil and the following constants confirmed its quality : 
iodine value (Wijs) 184.1; saponification value 193-6 (grams of 
KOH per kilo.) ; acid value 5.24 (grams of KOH per kilo.) ; glycerol 
(from above) 10-20, (by the acetin method) 10.30 per cent.; 
glyceryl (C,H,) 4.3; acids (by direct weighing) 95.63; total 
99-93 per cent. 
The absorption of oxygen might have been followed by leading 
gas through a known quantity of oil and then through weighed 
tubes for the absorption of the volatile products (Friend, Zoc. cit.). 
However, as shown by Genthe (Zeitsch. angew. Chem., 1906, 
19, 2087), for complete and uniform oxidation the oil must be in 
a thin film, and the volatile products must be rapidly absorbed. 
In this investigation a modified form of Genthe’s apparatus was 
used. 
The film of oil was obtained by soaking a, filter-paper (11 cm. 
diameter) with a known volume of a “standard” solution of the 
oil in light petroleum (b. p. 40-60O). The filter-paper was placed 
in the apparatus, which was then closed, completely filled with 
hydrogen, and placed in a thermostat at  loo”, this temperature 
being chosen because it was thus possible to  complete an estimation 
in six to seven hours. When the temperature of the film of oil was 
constant, the apparatus was quickly filled with oxygen (time 
required, one minute) and manometer readings were taken at 
intervals. The volume of the apparatus was determined by 
measuring the volume of water required to fill it, corrections being 
applied for the volume of the absorbents and manometer leads. 
The most satisfactory absorbents were found to be sulphuric 
acid and solid potassium or sodium hydroxide. 
In  the early experiments irregular results were obtained, which 
were due to the choking of the tubea containing the absorbents 
owing to the action of the volatile products. 
It was evident that a larger absorbing surface was required, 
and the final apparatus was as follows : Broken pumice, soaked 
with sulphuric acid, was placed a t  the bottom of a 500 C.C. flask, 
care being taken not to “ wet ” the neck. In order to expose a 
large surface of alkali, a stick of sodium hydroxide was wrapped 
in copper gauze and one end of the roll was fitted into a glass cup. 
The roll was lowered cup first into the flask, and the filter-paper 
containing the oil film was then suspended in the neck from a hook 
in the stopper. The apparatus was then filled with hydrogen; 
the subsequent procedure was as before. A further improvement 
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was made in measuring the volume of the apparatus by a method 
based on the principle of Joly’s volumenometer. The volume, V ,  
of the apparatus is given by the equation 
I,’= PQ--P2 . v, 
P 2 -  P l  
where v is the volume of the auxiliary bulb (J )  attached to the 
apparatus, and po, p l ,  and p 2  are, respectively, the pressures in 
the bulb, in the apparatus, and in the latter when connected with 
J .  The gas in the auxiliary bulb must be free from carbon dioxide 
and water vapour; in practice, the method of filling with water 
gave quite as accurate results. 
Blank experiments with this apparatus showed that no absorption 
took place by oxidation of the paper, etc., and the efficiency of the 
absorbents was proved by admitting one to two per cent. of carbon 
dioxide and water vapour, when complete absorption occurred in 
sixty seconds. 
In Table I are given the results obtained with the linseed oil. 
TABLE I. TABLE 11. 
Linseed Oil. Fatty Acids. 
Weight of oil. Oxygen absorption. Weight of acids. Oxygen absorption. 
Gram. Per cent. Gram. Per cent. 
0.6533 28.6 0.3450 30.06 
0-6380 28.9 0-3725 30.20 
0.4446 28.1 0.3450 30.05 
0.5726 29.2 0,3450 30.06 
0-7172 28.7 
0.4630 29.0 Mean 30.09 
--- 
Mean 28.7 
Although the amount of oil varies considerably, it will be noticed 
that the results are constant ; the extreme valuea differ by 2 per cent. 
from the mean, whilst the error in most cases is less than 1 per cent. 
The fatty acids of the linseed oil were also examined in a similar 
manner to ascertain whether the glyceryl radicle had any effect on 
the mechanism of the oxidation; the results obtained are given in 
Table 11. 
The results are quite constant and clearly show that the true 
oxygen absorption, unlike the apparent oxygen value, is a definite 
quantity; it is also much higher than the values hitherto obtained 
for the so-called oxygen value. 
True Oxygen Absorption Curves. 
The oxidation of linseed oil in itn atmosphere of constant oxygen 
When oxidation occurs concentration is a heterogeneous reaction. 
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in thin films, the reaction curve for a pure individual substance, 
as is well known, approximates to that of a unimolecular, non- 
reversible reaction. This was appreciated long ago, and many 
attempts have been made to bring the apparent oxygen absorption 
curves into conformity with a logarithmic curve; f o r m u h  have 
been put forward from time to time, such as 
(Orloff, J .  Russ. Phys. Chem. Soc., 1910, 42, 658; 1911, 43, 
1509), where A is the total apparent oxygen absorption and B is 
a constant. 
FIG. 1. 
Mean and Extreme Oxaation Curve8 for Limeed Oil  and Fatty Acids. 
0 1 2 3  4 5 6 
Time in Hours. 
Since linseed oil is a complex mixture of substances which will 
certainly oxidise a t  different rates, and since hitherto only apparent 
oxygen values have been used, it would be quite fortuitous were 
these curves logarithmic. 
Fig. 1 shows the oxidation curves obtained for linseed oil and 
the fatty acids, and Table I11 a typical set of readings from 
Pu
bl
ish
ed
 o
n 
01
 Ja
nu
ar
y 
19
21
. D
ow
nl
oa
de
d 
by
 F
re
ie
 U
ni
ve
rs
ita
et
 B
er
lin
 o
n 
23
/1
2/
20
16
 1
3:
19
:1
7.
 
View Article Online
OXIDATION O F  DRYING OILS, ETC. PART I. 1157 
which the curves were obtained. These curves show that a t  first 
there is a period of induction which, in the case of linseed oil, lasts 
for almost fifteen minutes; then a moderately rapid oxidation 
commences, but gradually the velocity diminishes until after six 
TABLE 111. 
Data for the Oxidation Curve. 
Weight of oil 0-6380 gram. Volume of the apparatus 630 C.C. Temperature 
100". Time period 0.5 hour. Period of induction 20 minutes. 
Pressure in Mean 
mm. pressure (Par). 
7 65 - 
737 757 
665 701 
630 648 
610 620 
596 603 
578 582 
572 574 
566 569 
563 565 
560 5 62 
557 559 
555 556 
553 554 
552 553 
Corrected * Corrected 
time period. time. 
0 0 
0.494 0.494 
0.461 0.955 
0-426 1.381 
0.408 1-789 
0-396 2.185 
0.772 2.957 
0.377 3.334 
0.374 3.708 
0.371 4.079 
0-369 4.448 
0.367 4.815 
0.365 5.180 
0-364 5.544 
0.363 5.907 
Percentage 
absorption. 
0 
3.80 
13-58 
18.34 
21.06 
22.96 
25.40 
26.22 
27.04 
27.45 
25.86 
28-26 
28-53 
28.80 
28.90 
* Readings were taken every half hour, but owing to the change in oxygen 
concentration this time period had to be multiplied by 7%a to obtain a corrected 
time period which would hold with constant oxygen concentration. 
hours oxidation is complete. Further, the curves are quite smooth 
and, as is very well shown in t,he case of the fatty acids, they are 
constant and almost coincide over their whole length. The curves 
also are not identical with that required for a unimolecular reaction, 
as is shown in Table IV, which gives kl, the unimolecular constant 
calculated from the mean experimental curve for linseed oil. 
px 
TABLE IV. 
Time ( t )  * Absorption (x). a-x. k1='- log, -5. 
t a--2 
0.3 7.4 2.3 0.994 
0.7 15.5 13.2 1.1 10 
1.3 20.1 8.6 0.927 
1.7 22.7 6.0 0.921 
2.3 24.5 4.2 0.836 
2.7 25.9 2.8 0.862 
3-3 26.9 1.8 0.839 
3-7 27-5 1.2 0-858 
4.3 28.0 0.7 0.862 
4-7 28-4 0.3 0.97 1 
5.3 28.6 0.1 1-068 
00 28.7 - - 
* t is reckoned after the induction period. 
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Examination of the Volatile Products. 
The primary oxidation of linseed oil is probably a molecular 
autoxidation in which molecules of oxygen are added at  the double 
linkings . 
-9H+o, -+ -9"-? 
-CH -CH-0 
The chief evidence in favour of this view is as follows :- 
(a)  In  the early stages, the ratio apparent oxygen absorption : 
decrease in iodine value is approximately 0, : I, (Fahrion, Zoc. c i t . ) .  
(b)  During oxidation the linseed oil can liberate iodine from 
potassium iodide ; hence peroxides are formed. 
In  his extensive researches on autoxidation, Traube (" Vorgange 
der Autoxydation," Vieweg, Brunswick, 1904) detected hydrogen 
peroxide, and therefore i t  was thought desirable to search for this 
compound in the volatile products. The oxidation was carried 
out with a film of oil at  100" in a current of " pure " air. Under 
these conditions, owing to the elevated temperature, it was probably 
only possible to detect a small quantity of the hydrogen peroxide 
produced, but nevertheless a very strong reaction was obtained by 
passing the volatile products through a starch-potassium iodide 
solution. From 2 grams of oil iodine equivalent to 0-00136 gram 
of hydrogen peroxide, or about 0.1 per cent. calculated on the 
weight of oil used, was obtained. Hydrogen peroxide waB also 
obtained from the fatty acids. It thus seems that the peroxide 
test might be due in part to hydrogen peroxide and this might be 
taken as further evidence for assuming this reaction to be an 
au toxidation. 
As mentioned in the introduction, the chief constituents of the 
volatile products are water, carbon dioxide, and volatile fatty 
acids, of which acetic acid forms the major part. In order to  
estimate the proportion of carbon dioxide to fatty acids, therefore, 
a known amount of oil was put on a filter-paper as usual and 
oxidised in a stream of oxygen at  100"; the volatile products were 
passed into a known amount of standard baryta solution. After 
the reaction the excess of the latter was titrated with standard 
hydrochloric acid, with phenolphthalein as indicator, and the 
carbon dioxide in the precipitated barium carbonate was estimated 
gravimetrically. From these results the amounts of carbon dioxide 
and of the carboxylic acids given in Table V were calculated. 
Ratio CO, : CO,H=1 : 1 for linseed oil. 
=1 : 0.92 for fatty acids. 
=1 : 1 approximately. 
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Weight of oil. 
Grams. 
2-3900 
2.3494 
2.3460 
2.3500 
Weight of 
fatty acids. 
Gram. 
0.8625 
0.9184 
* *  
9 9  
G.c. of N/10-  
Ba(OH), 
neutralised. 
90.0 
86.3 
86.6 
86-3 
29.8 
33.7 
33.0 
33-4 
TABLE V. 
Volatile Acids. 
Weight of Carbon di- 
BaCO,. oxide. 
Gram. Per cent. 
0.5763 6.38 
0.5712 5-41 
0.5682 5-40 
0.5721 5.41 
Mean 5.40 
0.2100 5.6; 
0.2278 6.54 
0.2268 5.52 
0-2270 5.52 
Mean 5.52 
Oxygen 
present 
as CO,. 
Per cent. 
3.9 1 
3-94 
3.94 
3.94 
3.94 
4.0 
4-03 
4.02 
4.02 
4.02 
Oxygen 
present as 
carboxylic 
acid. 
Per cent. 
4.25 
3.90 
4.0 
3.92 
3.96 
3-44 
3.63 
3-70 
3-67 
3.67 
Discussion of Reszclts and Conclusions. 
From the results already given the following conclusions can be 
drawn. 
1. The method used to obtain the oxidation value within a 
reasonable time is accurate to within 1 per cent. 
2. The true oxygen absorption, unlike the apparent oxygen 
absorption, is a perfectly definite quantity for a given oil (compare 
Genthe, loc. cit.). 
3. The ratio of oxygen absorption to iodine absorption is 0.156. 
This shows that the suggestion of Fahrion (loc. cit.) that the ratio 
is the same as that of the atomic weights, namely, 0.126, is erroneous. 
4. From (3) it follows that the oxidation is not simply a molecular 
autoxidation, because the oxygen absorption is 25 per cent. higher 
than it would be on this assumption. From Weger's work (see 
Fahrion, loc. cit.) it seems that the primary reaction a t  least is a 
molecular autoxidation, and certainly from the fact that atmos- 
pheric oxygen is absorbed at  the ordinary temperature this seems 
the most probable course of the reaction. Linseed oil contains 
4-41 per cent. of oleic acid, and it is known that this acid does not 
oxidise a t  100". This corresponds with 4-5 units in the iodine 
value and therefore the iodine value equivalent to the oxygen 
absorption is 180 with the oil studied, which on the basis of a 
simple molecular autoxidation would require an oxygen absorption 
of 22.7 per cent. This leaves an " excea " oxygen absorption of 
6.0 per cent. Further, if it is assumed, as a very probable working 
hypothesis, that the f is t  stage in the oxidation is a molecular 
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autoxidation, which is followed by a further “ excess ” oxidation 
giving rise to  the volatile acid products, then some relationship 
might possibly be found between the amount of oxygen in the 
latter and the ‘‘ excms ” oxygen absorption. As already shown, 
the total amount of oxygen in the volatile acid produdts is 8 per 
cent. in the case of linseed oil. Hence the following ratios 
CO, : CO,I3=1 : 1 
Volatile oxygen : excess oxygen=8 : 6 
=4 : 3 
= CO, +CO,H : excess oxygen. 
On account of their simplicity, these ratios may be taken .as 
evidence in favour of the above hypothesis. 
Linseed oil, however, is a mixture of linolates and linolenates, 
and as there is no method of satisfactorily estimating these two 
constituents, the data so far obtained are insufficient to show how 
each is oxidised and exactly what each contributes to the course 
of the oxidation of linseed oil. This matter will form the subject 
of a subsequent communication. 
The Effect of the Glyceryl Radicle. 
Bauer and Hazura (Monatsh., 1888, 9, 459) isolated glycerol 
from linoxyn, and hence it has been assumed that the glyceryl 
radicle exerts no influence on the course of the reaction. 
On this assumption the oxygen absorption calculated from the 
results obtained with the oil should be 30.00 per cent.; the value 
actually found by oxidation of the fatty acids is 30.09 per cent. 
The calculated quantity of carbon dioxide (5.6 per cent.) agrees 
closely with that found experimentally with the acids (5.52 per 
cent.), whilst the CO, : C0,H ratio is in fairly good agreement 
with that found for linseed oil. 
These experimental results, therefore, confirm the suggestion 
that the glyceryl radicle exerts no influence on the modus operandi 
of the reactions. 
Some investigators have stated that the fatty acids oxidise 
more slowly than the oil, but it is evident from the curves obtained 
that the induction period is very small and the rate of oxidation 
initially much more rapid. This very rapid initial oxidation made 
i t  necessary to prepare the acids in an atmosphere of hydrogen. 
A sample prepared in the ordinary way gave a true oxygen absorp- 
tion of 28.5 per cent. 
The author wishes to express his indebtedness to Professor 
F. S. Kipping, F.R.S., for his advice and encouragement during this 
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